Abstract: China's Conversion of Cropland to Forests Program (CCFP) is the world's largest afforestation-based Payments for Ecosystem Services (PES) program, having retired and afforested over 24 million ha involving 32 million rural households. Prior research has primarily focused on the CCFP's rural welfare impacts, with few studies on program-induced environmental improvements, particularly at the household level. In this study, data from a 2010 survey covering 2808 rural households from across China was analyzed using an interval regression model to explain household-reported survival rates of trees planted on program-enrolled cropland. In addition to household-level factors, we explore the influence of local conditions and institutional configurations by exploiting the wide diversity of contexts covered by the data set. We find that households with more available labor and more forestry experience manage trees better, but that higher opportunity costs for both land and labor have the opposite effect. We also find that the local implementation regime-e.g., the degree of prior consultation with participants and regular monitoring -has a strong positive effect on reported survivorship. We suggest that the level of subsidy support to participating households will be key to survivorship of trees in planted CCFP forests for some time to come.
national level the survival rate of program-planted trees is nonetheless an appropriate measure for examining the impacts of program incentives on household ecosystem service provision; it is the key indicator by which household CCFP implementation is evaluated and subsidy delivery determined. In other contexts, the survival rate of trees (in particular during the establishment phase, which is a 3-5 year period from when seed or seedlings are planted) is also used in program assessments [22, 23] .
The richness of the survey data set allows us to examine the impact of household characteristics, local institutions and socioeconomic context on survival rates. Implementation of the CCFP often varies significantly by locale, as is generally the case with many central government policies in China [24, 25] , and we exploit this to examine how the different configurations in a local de facto implementation regime are associated with reported survival rates.
The Conversion of Cropland to Forests Program
The CCFP was launched in 1999 via piloting in the three western provinces of Sichuan, Gansu, and Shaanxi, followed by full-scale implementation that expanded the program to 25 provinces by 2002 [26] . The policy originally targeted reducing soil erosion and flooding, but this has since been expanded to also emphasize local economic development and poverty alleviation, in line with an evolving national policy discourse [5, 26] . To date, the program has converted 27.55 million ha of land into primarily tree-based plantations, of which 9.06 million ha (an area the size of Portugal) is retired and afforested cropland, 15.80 million ha is formally "wasteland" (also translated as "barren land", an official land category in China that includes marginal or sloping land that is deemed suitable to be developed into cropland), and 2.68 million ha is remote mountainous areas that have been sealed off to allow natural regeneration [8] .
Significantly, the program directly pays participating rural households to retire and afforest or plant vegetative cover on their sloping or marginal cropland, and to ensure that these planted trees/grasses survive. Subsidy levels and duration depend on region and whether grasses, "ecological trees" (which can be either timber crops for harvesting or trees for providing ecological services) or "economic trees" (orchard crops, trees with medicinal value or trees that produce other types of NTFPs) are planted. According to the original 2003 plan, subsidy payments included a one-time fee of 750 CNY/ha for saplings or seeds, an annual living allowance of 300 CNY/ha, and an annual grain/cash subsidy that was differentiated according to whether the participating household is in Yangtze River or Yellow River watershed regions (1 USD = 8.28 CNY based on 2003 yearly average exchange rates). The subsidy rates were, and still are, the same irrespective of the type of tree or grass planted, with only the length of payments differing (see Table 1 ) [27] . The original plan also generally required that participating households afforest a roughly equal area of "wasteland," though the degree to which this was adhered to has varied by locale [1] . Phase II of the program, which commenced in 2007, has doubled the subsidy period, continuing both the living allowance and subsidies, with the latter now wholly in cash [27] ( Table 1) . province. In 2000, the pilot extended to 188 counties of 17 provinces, and in 2001, it further expanded to some 400 counties of 20 provinces; 2 Subsidy durations were not decided during the pilot phase; upon full-scale implementation, the length of time subsidies had already been delivered during the pilot phase was counted towards the formal subsidy lengths stipulated; 3 Though a formal shift to cash-only subsidies was not stipulated until State Council (2007), State Council (2004) provided standards for converting grain to cash subsidies at the rate of 1.4 CNY/kg, since many locales paid subsidies fully in cash by that time.
The CCFP targets a range of bundled forest ecosystem services, including timber, carbon sequestration, biodiversity habitat, landscape amenities and watershed services [1] . While program indicators for delivery of these have included land area afforested, types of land afforested (e.g., sloped and marginal land) and choice of trees to plant, the survival rates of program-planted and managed trees has been the most explicit program indicator utilized for evaluating service provision. During the pilot phase (1999) (2000) (2001) (2002) , subsidy delivery to households was stipulated to be conditional on achieving a survival rate for trees planted on enrolled land of 85% for Yangtze River basin regions, and 70% for Yellow River basin regions. This has since been revised to a nationwide standard of 75% for full-scale implementation [1] . However, this rate has varied by locale, often due to the tension faced by local governments between maintaining enthusiasm for the program and ensuring its rural welfare goals (i.e., by making sure households get program subsidies), while also achieving program environmental goals (i.e., by incentivizing achievement of survival rate targets by withholding a share of subsidies for sub-par outcomes) [24] .
Empirical Strategy
Using a 2010 rural survey, we utilize household-reported survivorship of program-planted trees on the household CCFP-enrolled land to explore how household characteristics and local implementation regime are associated with household-level delivery of CCFP-targeted ecosystem services. In particular, we analyze household responses to the following question asked in the survey:
What has been the survival rate of the trees on your CCFP enrolled land thus far?
A. Over 90%; B. 70%-90%; C. 40%-70%; D. 10%-40%; E. Less than 10%.
In the sample selected for analysis, 19% of household reported ranges of 70% and under (answers C, D or E in the question above), 40% of households reported the 70%-90% range, while the remaining 41% of households reported over 90% (see Note: The regional classifications in Figure 1 are not the SFA's formal delineations, but rather they are the regional indicator variables constructed for this analysis; "Northeast" consists of Beijing, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin and Heilongjiang provinces; "Northwest" consists of Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang provinces; "Southwest" covers Guangxi, Hainan, Chongqing, Sichuan, Guizhou and Yunnan provinces; and "Southeast" consists of Anhui, Jiangxi, Hubei and Hunan provinces. The data used for this analysis comes from a unique, one-time cross-sectional rural survey collected in 2010 and spanning much of China. The survey encompasses 2808 rural household CCFP participants, from 419 villages across 228 townships, 132 counties and 24 provinces, and was collected by 125 Beijing Forestry University (BFU) students upon returning to their home-towns/villages during the annual spring festival (see Figure 2 below ). Student enumerators volunteered to participate in the survey, and numbered 159 at the beginning of the project and training. At the end of the fieldwork, 125 enumerators were able to provide completed surveys, from which the data for this analysis has been complied. Overall, the survey was well implemented, with strong support of the BFU student union and in close collaboration with the State Forestry Administration's National Forest Economics and Development Research Center (FEDRC), the agency responsible for monitoring and assessing the socioeconomic and environmental impacts of the CCFP and other key forestry programs. Arguably the most representative data set yet available for evaluating the CCFP, it is the result of one of a number of innovative initiatives and approaches utilized by the FEDRC to monitor this very large and regionally diverse program. Students received basic enumerator training about data collection and household sampling methods prior to collecting survey data in their home regions in villages participating in the CCFP. Households were asked a range of questions regarding socioeconomic characteristics, income, employment, dependence on agriculture, forestry experience, local CCFP implementation regime, the characteristics of other related government policies in the locale, and a range of variables capturing program outcomes and household views regarding program strengths, weaknesses and induced local changes. Sample households were mostly randomly selected using official government lists of household names (Random sampling was likely not applied in all cases by students, though it is not possible to identify where this occurs in the data set). The completed, hand-written surveys were sent to BFU where data was entered into Excel before being handed over to the FEDRC for analyses. Of the 2808 surveys collected, 2635 households were selected for inclusion into the sample for analysis. Households excluded included: 114 with numerous missing explanatory variables, 30 with extremely large enrolled land area relative to the sample average, 122 that planted grasses on enrolled land, and 21 with missing responses to the survival rate question.
Model
Given the nature of the dependent variable, an interval regression model is used for the analysis. An interval regression is a generalized form of limited dependent variable models wherein the underlying dependent variable is unobserved, but the interval within which it falls is. Let the actual (i.e., unobserved) survival rate be characterized as y* = Xβ + ε, where X is a vector of explanatory variables, β the vector of parameters for these, and ε~N (0, σ 2 I). Let yi be the observed survival rate ranges within which y* falls in the data set, whereby:
Since y* ϵ (0,100), θ1LB = 0 and θmUB = 100. The log likelihood function for the model is
where Φ () is the standard normal cdf, and:
Of interest is the degree to which household characteristics, local implementation regime, and other related conditions are associated with the survival rates of household CCFP-planted trees. To explore this, the unobserved survival rate is modeled as:
Where α is the intercept term, γ is a vector of regional indicator variables, X H is the vector of household characteristics, X I is a vector of local CCFP implementation regime characteristics, X C is a vector additional relevant local characteristics, {β
, β C } are the associated parameters and ε the error term.
Explanatory Variables
A range of model specifications were explored to examine how local institutional arrangements governing or related to CCFP implementation are associated with survival rates. First, a "naïve" model was estimated wherein local institutional regime and context is controlled for via household survey responses regarding this. Since such variables are likely correlated with both observed and unobserved household characteristics (e.g., aspects of human and social capital such as level of education and access to information, and psychological factors associated with household views on program implementation and outcomes) and therefore biased estimators of the actual local implementation regime, additional characterizations of the model were explored in which the local institutional variables were constructed from averages across households in the same locale. Table 2 details sample household characteristics used as explanatory variables in the model. These falls into three categories: "Household Socioeconomic Characteristics"; "CCFP implementation"; and "Other Policy Impacts." Household socioeconomic characteristics were selected to capture the effects of household welfare and social capital (such as whether the household considers itself to be poor or rich within the village, and it is a member of an ethnic minority group), level and structure of income (whether agriculture is the main source of income, and the share of household labor that is "migrant," which usually means long-term), and rough measures of the household's human capital and experience (such as pre-CCFP per capita cropland and managed forest area, whether the household has worked before in afforestation, and whether the household has highly sloping cropland). * This can be either wasteland afforestation, or "closed-mountain" afforestation; ** these are indicated as "Forest Management" and "Afforestation" responsibilities.
CCFP implementation regime variables were selected to capture the effects of local program implementation regime (e.g., inspections, subsidies, enrollment intensity, and program land management aspects), ecological dimensions affecting survival rate outcomes (e.g., broad categories of tree types planted, enrolled land characteristics and pre-CCFP yield, whether replanting was necessary), and household level of understanding of program goals and responsibilities. Finally, under "Other Policy Impacts", two variables were also included to capture the impacts of the degree to which in the locale in question collective forest sector reforms were being implemented-which are ongoing reforms in China's southern collective forest sector whereby forest management rights are gradually being devolved to local communities and households.
To improve identification of local institutional characteristics, within-village averages across household responses for villages with at least 15 survey households were constructed as explanatory variables. While a relatively unified CCFP implementation regime possibly extends up to the county level in many locales across China, this is too large a unit of analysis for statistical identification of institutional effects and regional characteristics given the small available household samples per county in this data set, as well as the fact that such samples are generally clustered in particular villages rather than evenly spread throughout the county. Furthermore, the village is generally the most appropriate unit of analysis for institutional impacts on household behavior in rural China. For example, though national law stipulates set rights and tenure configurations for agricultural land, Rozelle and colleagues [28] find that in reality significant heterogeneity in de facto agricultural land rights exists across China at the village level, with this being the result of village governance factors.
Although not an ideal sample size, 15 was chosen as a cut-off point based on a balance between statistical rigor and minimal reduction in the total sample size. The household-level sample sizes for the samples constructed thus are 1675 and 1785, respectively. Restricting the sample to village or township clusters of higher than 15 households quickly reduced the overall sample sizes for analysis. To examine the degree to which such variables produced robust parameter estimates, specifications using similarly constructed township-level variables were also examined for comparison. Table 3 details the methodology used for construction of the village-level variables from household survey responses, as well as the descriptive statistics of the variables so constructed. In total, 92 villages had at least 15 survey households from which to construct variables, while 93 townships had such. Depending on the particular institutional or economic characteristic being captured, the mean, median or maximum of household-level responses for the village sample were used as appropriate. Sample means were used to represent a village's propensity to have a particular characteristic or condition while sample medians of household-level 0/1 indicator variables were used as discrete indicators of a village condition or institution as appropriate. The number of years the village had been implementing the CCFP is estimated as the maximum number from the household sample in that village.
Finally, to control for systematic differences in regional ecological and economic conditions that could affect survival rates, regional indicator variables were constructed to divide the sample roughly into the four regions: "Northeast" (Beijing, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin and Heilongjiang provinces), "Northwest" (Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang provinces), "Southwest" (Guangxi, Hainan, Chongqing, Sichuan, Guizhou and Yunnan provinces) and "Southeast" (Anhui, Jiangxi, Hubei and Hunan provinces). For the sample analyzed, 36% is in the northeast, 21% is in the northwest, 29% is in the southwest, and 14% is in the southeast. (2), (3) and (6) are the "naïve" models wherein only household-level responses are used as indicators of local implementation regime. Specifications (4)- (5) and (7)- (8) utilize the constructed village and township-level variables, respectively, to capture local institutional and other characteristics. Specifications (3) and (6) were included to examine in what way restricting estimation to the village and township samples affects the parameter estimates of the "naïve" model. All models are estimated with robust standard errors clustered at the village level. Since the interval regression explains the underlying (unobserved) survival rate, parameter estimates are interpreted as the marginal effect of a one-unit increase of the variable in question on survival rate (e.g., a parameter estimate of 10 means that a one unit increase of the variable in question is associated with an increase in the survival rate by 10 percentage points). All household and village-share variables are scaled to a 1 to 100 range so that parameter estimates for these can be interpreted directly, as the impact of an increase in village share by 1% on survival rate.
Results and Discussion
Overall, model results broadly accord with expectations. In terms of household characteristics, households with higher levels of human capital in forestry activities appear to be better at keeping program trees alive, as would be expected; having higher per capita forest area, and a member who has worked before in afforestation, pre-CCFP, are both positively associated with survival rate in all specifications, with the former being statistically significant in all. Landholders with experience in forest management and tree planting are more likely to enthusiastically adopt re/afforestation activities than those who do not have such experience. Other work in the literature finds that poor incorporation of forest management knowledge transfer, resulting in a lack of sufficient tending and thinning, is associated with low plantation survival rates in China, while CCFP outcomes in locations that that are historically not forest areas-and therefore where local forest management experience is low-have been unsatisfactory [29] . Lack of technical support has often been noted as a key shortcoming in program implementation; such support could help reduce perception of risk and improve outcomes [30] .
Though less robust, results also provide weak evidence that household capital constraints adversely affect ability to manage program-planted trees; being "rich" in the village (and therefore likely having more assets to contribute to production activities) is in general positively associated with survival rate, while being "poor" is negatively associated.
Reflecting the time costs of labor, each additional kilometer that CCFP plots are from the household's home on average is associated with a decrease in survival rates by between 0.99% and 1.28%, with parameter estimates statistically significant across all specifications. Smallholders empowered to select plots for re/afforestation can often choose plots located further from their homes or roads to reduce the opportunity costs (in terms of income and food security) of retiring more accessible agricultural land [30] . Indeed, Xu and colleagues [10] find that when households have autonomy in whether or not to participate in CCFP, they strongly tend to choose plots farther away from the homestead. However, this comes at the cost of environmental outcomes. Bennett and colleagues [24] found that when CCFP participants are allowed to select plots for conversion, famers choose less fertile and more remote plots, with this resulting in lower survival rates [24] .
Capturing labor opportunity costs, higher village or township average share of participant household labor engaged in off-farm migratory work is associated with lower survival rates at the household level, with this statistically significant in the models that include village characteristics. These results suggest that in locales where regional off-farm opportunities are more plentiful, households tend to redistribute labor effort towards these more profitable activities and away from tending program-planted trees.
In terms of the effects of local characteristics, relative endowments of land versus labor at the local level produce statistically significant results that accord with expectations, whereby having higher labor endowments per unit of land is broadly associated with higher survival rates at the household level (i.e., ostensibly due to higher availability of labor to invest in managing program-planted trees). For example, being in a village with fallow land-suggesting a higher land/labor ratio (though possibly also reflecting a local economy where off-farm work is more plentiful)-is associated with lower survivorship at the household level. Similarly, being in a village with newly-developed wasteland on sloping land and where a larger share of sample households still cultivates crops on sloping land-both of which reflect lower land/labor ratios, which create incentives to expand cultivated area-are associated with higher survival rates on household land.
Model results also suggest that learning-by-doing and specialization improves program outcomes. Specifically, "Years in CCFP" and "(Years in CCFP) 2 " are both statistically significant in most specifications, with their relative signs suggesting that households improve their ability to manage trees the longer they are in the program, with this effect decreasing over time. The interactions of these variables with whether or not a household member has worked before in afforestation also indicates that households with forestry experience start out with an advantage in managing forest area, though with this decreasing over time (i.e., for household with members that have worked before in forestry, the base survival begins at 39% in the village models, with this decreasing but leveling out over time). Management structure on household enrolled land clearly appears to influence survival rates. Higher household per capita area enrolled in CCFP is positively associated with survival rates, suggesting that household specialization in providing program-targeted ecological services improves survival rates. Conversely, if household land is managed by a contracted third party under the "Large Household" or "Large Household + Company" management types-which generally consist of a large portion or all of village CCFP land managed by a few large households or a combination of this and a contracted outside implementation unit-survival rates tend to be lower, with this effect statistically significant in one of five specifications.
Regarding ecological factors, orchard crops appear to have lower survival rates in general in comparison to timber trees (the omitted category), while shrubby tree crops have better survival rates. Planting program trees primarily on sloping land, and household CCFP land being affected by disaster (i.e., drought, flood or pest/diseases), are both associated with reduced survivorship, though these effects are not robust across specifications. Having CCFP land that is formally registered as agricultural land is positively associated with survival rate, and is statistically significant in two of five specifications. This likely captures the effect of land quality on survival rates, since formally registered agricultural land is generally of better quality (from conversations with SFA officials and observations made in the field).
Also, households who had to change the tree type initially planted on enrolled land due to low survival rates tend to have lower survival rates for currently planted trees, even when controlling for the number of years in the program (i.e., via interacting this with number of years in the program). This suggests that poor initial selection of tree species that are adapted to local conditions can delay achievement of longer-term outcomes.
Finally, of relevance for the program's ecological and economic sustainability, intercropping on enrolled land is generally associated with lower survival rates. The degree to which households are allowed to intercrop on enrolled land has specific relevance for household livelihoods, especially in land-scarce regions with low off-farm wage labor opportunities. Note, however, that this effect is similar at the village level, with share of participant households at the village-level that are intercropping also negatively associated with survival rate at the household level. This suggests that this variable could also be picking up local institutional effects, whereby incentives to achieve higher survival rates are weaker in locales with a less rigorous and more permissive implementation regimes.
In terms of institutional impacts, several variables appear to be strongly associated with survival rates. First, the fact that a household "does not understand" the CCFP is negatively associated with survival rates, with this statistically significant across all specifications. More intriguing, the share of households at either the village or township level that "do not understand" the CCFP policy is also negatively associated with survival rates at the household level. This suggests that the degree to which local governments systematically consult and engage with participant households and communities during program implementation has an important effect on program outcomes.
Participant households having additional afforestation responsibilities apart from afforesting cropland-which include either afforestation of "wasteland" or "closed-mountain" afforestation-tend to have lower survival rates, as do households in villages with a higher share of participant households that have these additional responsibilities. This suggests that additional program demands on household labor as part of program participation comes at the potential cost of weakening outcomes.
Finally, variables capturing the inspection regime reveal a somewhat complex picture. At the household level, direct correlation between whether CCFP land has been inspected before and survival rate on CCFP land is positive and highly statistically significant in the data set. Indeed, inspection is positive but statistically insignificant in the household-level model. However, in specifications using village (and township) characteristics, it becomes negative and statistically significant in two of five specifications, while share of sample participant households in the village (or township) whose CCFP land has been inspected is very positively associated with household-level survivorship, statistically significant in all specifications where it is included. Due to concerns about the direction of causality, the household-level inspection variable was also interacted with years in the program, which finds that each additional year that inspected CCFP land has been in the program is positively associated with survival rate, with this statistically significant in three of five specifications. Overall, this suggests that while a strong and well-functioning inspection regime at the village level is strongly associated with better survivorship, household-level effects are more complicated, likely capturing a range of different factors including informational asymmetries and complex behavioral dynamics not fully captured by the other explanatory variables in the model.
That some variables likely vary systematically by region could be potentially complicating identification of their effects, since these could be confounded with other unobserved regional impacts, including eco-regions, biome and local climate. The lack of detailed data on tree species in the survey, for example, means that each tree category likely encompasses significant heterogeneity, with the nature of this varying regionally (for example the SFA documents 72 types of ecological trees, 21 economic trees, 51 shrubs and 20 joint trees in southern China; and 42 type of ecological trees, 16 economic trees, 53 shrubs and 16 joint trees in northern China [31] ). As such, to disentangle these effects and improve identification, an additional set of specifications were explored wherein a subset of variables were interacted with the regional indicators. Variables deemed likely to be confounded with regional effects were as follows: whether or not the household has sloped cropland; household per capita CCFP land area; tree type; village share of participant households that are intercropping on their CCFP land; village share of participant households that have other afforestation responsibilities as part of CCFP; whether or not the village has fallow land; village share of households that are ethnic minorities; and village average of household share of labor in off-farm migrant work.
Model results are presented in Tables 5 and 6 below. Interactions with the regional indicators indeed appear to disentangle some of these effects and improve overall model performance, with (11) having the best measure of fit of any of the specifications. The associated survival rate impacts of tree type indeed vary in important ways across regions. "joint type" of trees interacted with "southeast" in a positive and significant way, with large parameter estimates in all specifications, likely picking up the faster-growing bamboo plantations of the southeastern provinces ("joint type" covers tree types which overlap both "ecological" and "economic" delineations, as well as bamboo, which is considered as a special tree type in China's forestry statistics system [31] ). Similarly, "shrubs" in the southwest are also associated with a large positive boost to survival rates, significant in all specifications.
Village-level characteristics all vary regionally in important ways: the impacts of village share of participant households that intercrop on CCFP land; whether or not the village has fallow land; the village share of participant households that are ethnic minorities; and the average village share of participant household labor that is migrant. The main effect of the village share of households intercropping on their CCFP land is large, negative and significant, again suggesting that a village-level implementation regime that is more permissive regarding how households utilize CCFP land might result in reduced effectiveness in achieving targeted survival rate targets. However, this appears to be offset by significant regional impacts for the northwest and southwest. Whether the village has fallow land also retains its negative impact in the main effect, but for the southwest has a net positive impact on survival rates, suggesting that factors other than village land/labor ratio could be driving this relationship.
The strong and statistically significant negative effect of village share of participant households that are ethnic minorities disappears when the village variable is interacted with regional indicators. This confirms the suspicion that this variable could be picking up important unobserved regional characteristics that have a bearing on the effectiveness of program implementation, such as remoteness (e.g., from regional government seat, or regional markets) or distinct differences in local customary governance structures for forestry and agriculture. In particular, interactions between the village share of participant households that are ethnic minorities and the regional indicators of southwest and northwest produce highly significant and negative parameter estimates, while the main effect becomes positive and statistically insignificant, and whether the household is an ethnic minority also becomes statistically insignificant from being previously highly statistically significant with negative impacts in the earlier models.
Interestingly, the regional interactions with the ethnic minority share could also be capturing important social dimensions or indigenous knowledge. It has been found (unsurprisingly) that a farmer's ethnic group influences perceptions regarding tree planting [32] . Approaches to silviculture also can vary among ethnic groups based on the length of time in a given area and on experience planting specific species or combinations thereof. In southwestern China, different communities employ different rotation and fallow periods, as well as intercropping of tree species to avoid declines in productivity that have been associated with monocultures employed in state forestry programs and by ethnic Han groups with a shorter history in the area [30] . 
Conclusions
The CCFP is representative of China's ongoing transition from an extractive economic growth model to one that is more environmentally sustainable. This accords with international trends, which have seen a net increase in forest cover occurring in several Asian countries in recent decades-most notably in China, Vietnam, Bhutan and India -in what has been termed a "forest transition" [33] [34] [35] [36] . While urbanization and de-agrarianization have been identified as major causes of forest transition elsewhere (and particularly in developed/western countries), in Asia, government programs promoting timber production and provision of ecosystems services have been a major driver of the increase in land designated as forest [34, 37] .
It is important to improve the understanding of which program design elements are most effective for ensuring that such programs successfully achieve their re/afforestation outcomes, and are able to sustainably facilitate such a transition in Asia and elsewhere. This is especially important in the presence of heterogeneity in local institutional and socioeconomic conditions. As the world's largest re/afforestation Payment for Ecosystem Services program, encompassing a wide array of ecological and socioeconomic conditions, the CCFP provides an excellent opportunity to do this.
In general, our analysis provides evidence that household and local socioeconomic characteristics, as well as local program implementation regime, all play important roles in determining outcomes. At the household level, households with pre-existing training and experience in forestry, as well as higher labor endowments relative to land, do better at managing trees. Time in the program also appears to increase tree survivorship, suggesting that important learning-by-doing effects are taking place as well. Conversely, higher opportunity costs for either land or labor have the opposite effect. Related to this, households in areas with relatively abundant labor (i.e., high labor/land ratios), and with relatively poor access to off-farm work opportunities, in general do better at keeping their trees alive, likely due to having more labor to invest in planting and management. This suggests that providing ongoing technical support and training to households to help them improve their forestry skills could have important knock-on effects on program ecological outcomes. These findings accord with prior findings of Bennett and colleagues [24] .
Our findings also provide some strong evidence that the local implementation regime has an important effect on outcomes, and that both incentives and monitoring are critical. First, the most important of these results is that the degree to which program managers have consulted with participant communities and households has a strong positive influence on outcomes. This is captured in the degree to which households indicate that they do not understand the program, and for those who are in villages where a large share of participant households also indicate that they do not understand the program, both which result in households achieving lower survival rate outcomes. In general, this finding resonates with accepted best practice for Payments for Ecosystem Services programs, which stresses that ongoing consultation with communities during all stages of program development and implementation will help to both improve outcomes and reduce costs.
Another important result is that in places where intercropping on enrolled land is more predominant, households are less successful at keeping program trees alive. While more work needs to be done to understand the specifics of this relationship, these results suggest that tradeoffs exist between how rural livelihoods issues are addressed and program environmental goals; allowing households to intercrop on CCFP enrolled land might help to minimize impacts on food and cash crop production, but at the expense of tree survivorship. It is also possible that these results reflect the technical challenges evident in engendering effective and sustainable agroforestry regimes. Viewed from a different angle, however, it is also possible that this could be capturing the adverse impacts on survivorship of more permissive, less rigorous implementation regimes.
Finally, a number of intriguing results suggest that improvements could be made to the program's subsidy and inspection regime. In particular, the village share of households with CCFP land that has been inspected has a strong positive relationship on household-level tree survivorship, while whether or not a household's CCFP land has been inspected has a strong negative one. This suggests that a well-managed local inspection regime clearly does better at achieving outcomes. However, ongoing monitoring and inspections might be required to ensure that program goals are sustainably met, possibly due to the fact post-inspection, households face weaker incentives to continue maintaining survival rates. Similarly, the strong negative relationship between household-level survivorship and the share of households in a village that have received full subsidies also suggests that once the program winds down in a particular locale, thus reducing local government program implementation efforts, households will at the very least begin to curtail efforts at managing program-planted trees. This suggests that some degree of ongoing subsidy support and monitoring will be needed for CCFP forestry outcomes to be sustainably maintained and eventually consolidated, though the degree to which this is the case likely varies significantly by locale.
Admittedly, caution should be exercised when using the results of this analysis to make larger inferences regarding the CCFP's success in incentivizing household delivery of targeted forest ecosystem benefits, especially for off-site benefits. Forests provide a complex array of ecological services, with tree survivorship alone falling far short of capturing the spatial and temporal complexity of the underlying processes. Indeed, Le and colleagues argue that reforestation assessments should not be based on success indicators alone, but should incorporate the drivers of success, which encompass an array of biophysical, socioeconomic, institutional and project characteristics [22] . Ongoing monitoring and evaluation work for the CCFP should thus broaden its portfolio of indicators, especially regarding targeted ecological outcomes. This is particularly important given observations that China's afforestation statistics could be hiding a significant degree of exotic tree species planting, which could be having adverse impacts on biodiversity habitat [38] .
The nature of the dependent variables used for this analysis, combined with the lack of detailed information on tree species planted and other important biophysical indicators (e.g., location within watersheds, soil type, microclimate, etc.), also limit the ability of this data set to capture on-site environmental outcomes. Lack of counterfactuals or detailed measures of ex ante household socioeconomic characteristics also limit the ability to rigorously identify program environmental impacts at the household level.
The results of this analysis are nonetheless revealing and valuable. They are based on what is arguably one of the largest and most representative samples yet available for evaluating the CCFP; other work has generally relied on much smaller, more regionally restricted survey data sets e.g., [10, 11, 15] . Model results, furthermore, suggest that real relationships are being uncovered; several parameter estimates are found to be robust across specifications, statistically significant, and of the expected signs. Such findings accord with earlier findings by Bennett and colleagues [24] and suggest that with improved collection of a wider range of more detailed household and local-level indicators of targeted forest ecosystem services delivery, especially for the FEDRC's ongoing monitoring data, a wealth of additional insights into the impacts of program design elements on ecological outcomes could be obtained with relatively little additional effort. The sheer scale and range of local conditions encompassed by the CCFP, furthermore, suggest that such insights could prove a treasure trove for both domestic and international policymakers and practitioners.
